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 Acute low-to-moderate intensity aerobic exercise has been shown to have beneficial 
effects on cognition and result in positive affective responses. The purpose of this study was to 
determine the effects of acute low-to-moderate intensity aerobic exercise on behavioral measures 
of cognition (i.e., attentional inhibition, working memory) and affective states (i.e., state anxiety, 
Energy, Tiredness, Tension, and Calmness). It was also of interest to determine if individual 
differences (i.e., trait anxiety, dispositional resilience) had any effect on the changes to cognitive 
and affective responses due to acute low-to-moderate intensity aerobic exercise. 24 college-aged 
students (n= 10 female, age = 21.4 yrs, BMI = 26.6, height = 169.8 cm, body mass= 76.6 kg) 
participated in the study. Individuals participated in 2 non-consecutive days of testing. Day 1 
entailed the completion of informed consent, PAR-Q+, measures of attentional inhibition (i.e.,, 
Eriksen Flanker Task) and a working memory task (i.e., N-Back task), and an online 
questionnaire gathering demographic information, exercise history, and individual difference 
measures (i.e., Trait Anxiety Inventory-Y2, Disposition Resilience Scale-15). On Day 2, 
participants completed a 20-minute exercise session on a treadmill. Affective measures (i.e., 
State Anxiety Inventory-Y1, Activation-Deactivation Adjective Checklist) were taken before and 
after exercise. A Polar Heart Rate monitor was used to keep participants exercising at 50-65% of 
their estimated HRmax. Immediately following exercise, participants completed the same 
cognitive tasks as Day 1. Results showed individuals had faster reaction times on measures of 
attentional inhibition and working memory. Affective changes were also observed for state 
anxiety, Energy, Tiredness, and Calmness from Baseline to post-exercise. These results add to 
the literature that acute, low-to-moderate aerobic exercise has beneficial effects on cognitive and 
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CHAPTER 1: INTRODUCTION 
Physical activity has been shown to reduce, or lessen, the effects of various types of 
mental health disorders and diseases. Individuals who exercise tend to have lessened risks for 
developing stress-related mental health disorders compared to sedentary individuals (Gerber & 
Puhse, 2009). Engaging in physical activity has been shown to reduce the risk of mortality and 
increase mental health (Paterson & Warburton, 2010; Rosenbaum, Tiedemann, Sherrington, 
Curtis, & Ward, 2014). On the other hand, sedentary behaviors have shown an increased risk for 
poor health outcomes and cardiovascular disease (Biswas et al., 2015; Proper, Singh, van 
Mechelen, & Chinapaw, 2011). Research has shown that high intensity exercise has been shown 
to increase cognitive functioning and psychological wellbeing (Mandolesi et al., 2018). 
However, adherence to exercise is said to decrease as the intensity of exercise increases 
(American College of Sports Medicine, 2006). If studies show that lower intensity exercise can 
still have a positive effect on cognitive and affective outcomes, or have effects similar to those 
seen with high intensity exercise, then individuals may be more likely to engage in and maintain 
lower intensity exercise behaviors.  
Cognitive function is an overarching term associated with a variety of things including 
concentration, attention, learning and memory, planning, and problem solving. Within exercise 
psychology, a specific subset of cognitive functioning, termed executive functioning (EF), has 
been extensively studied to better understand the influence that physical activity and exercise has 
on EF. EF includes the cognitive processes of attentional inhibition and working memory. 
Inhibition involves being able to control one’s attention, behavior, and thoughts to override a 
strong internal predisposition or external lure whereas working memory involves holding 
information in the mind and manipulating that information (Diamond, 2013). Further, attentional 
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inhibition allows for individuals to selectively attend to certain stimuli. For example, this draws 
parallels to the “cocktail party” effect when we want to ignore all but one voice. Other aspects of 
attentional inhibition include self-control (i.e., resisting temptations and not acting impulsively) 
and being able to stay disciplined to stay on task (Diamond, 2013). On the other hand, working 
memory is defined as a transient representation of task-relevant information. Often operating 
over seconds to minutes, with a capacity of roughly 7 items, these representations may be from 
information that has been recently experienced and often guide behavior in the present 
(Gazzinga, Ivry, & Mangun, 2014). 
Evidence for the effects of exercise on cognitive function has been presented since the 
mid-20
th
 century (Pierson & Montoye, 1958). One of the classic examples of an intervention 
study examining the effects of aerobic exercise on cognitive function comes from Dustman et al. 
(1984). Dustman and colleagues (1984) work included three groups: an aerobic exercise group 
(exercising 60 min 3 times per week for 4 months); an exercise control group (engaging in 
strength and flexibility exercises while working at a heart rate level that would likely not yield 
any aerobic benefit); and a nonexercise control group where participants engaged in no exercise. 
Their results indicated that while the exercise control group showed an overall improvement in 
cognitive performance, the aerobic exercise group showed greater overall improvements in 
cognitive functioning (i.e., recall and reproduction of verbal and auditory materials, visuo-motor 
speed via simple reaction time, and cognitive flexibility via the Stroop Task) coupled with 
significant increases in aerobic capacity. Studies since then have investigated the effects of 
exercise modality, duration, and intensity of various aspects of executive functioning. Along 
with more rigorous research designs, technologies have advanced to allow for a greater 
understanding of what is happening within the brain. Electroencephalography (EEG) has been 
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used to study electrical activity of cortical brain regions when engaged in executive functioning 
tasks. In examining event-related potentials (ERPs), derived from EEG, researchers are able to 
time-lock changes in brain activity in relation to stimuli by measuring amplitude and latency 
(i.e., response time of the electrical signals). Functional magnetic resonance imaging (fMRI) has 
been equally useful when investigating physiological changes in brain activation. Increased 
neural activation requires greater oxygen concentrations, resulting in increased blood flow to 
specific brain regions. Thus, a greater fMRI signal is produced in brain areas that are more 
activated and thus have greater levels of more oxygenated blood.  
 It is also important to understand affect and how it might be influenced by exercise. 
Affect can be used as an umbrella term encompassing emotions and moods. According to Lox, 
Martin Ginis, and Petruzzello (2014), affect is thought to be more basic than emotions and 
moods due to the fact that affect is evolutionarily more primitive, and affect does not require 
cognitive thought. On the other hand, emotion is a relatively short state (i.e., lasting seconds or 
minutes) in response to a specific object or situation. Moods, by comparison, are typically longer 
(i.e., lasting hours, days, or sometimes weeks) and not always able to be linked with specific 
events (Fox, 2018). For the purposes of this study, affect is defined as a general, valenced (i.e., 
good vs bad, pleasure vs displeasure) response that does not require thought processes to precede 
it (Lox et al., 2014). Measuring affect can be done by using the Activation-Deactivation 
Adjective Checklist (AD ACL; Thayer, 1986). The AD ACL is based off of two dimensions 
relating to activation and arousal. The first dimension, Energetic Arousal (EA), is related to 
Energy and Tiredness while the second dimension, Tense Arousal (TA), is characterized by 
Tension and Calmness. This dimensional approach assumes that affective states are interrelated 
and can contain a small number of dimensions (Lox et al., 2014). Thus, Russell’s (1980, 1997) 
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circumplex model of affect can be used in understanding various affective states. Two 
dimensions, affective valence (i.e., pleasure – displeasure) and activation form four quadrants: 1) 
pleasant – activated (i.e., Energy/high EA); 2) pleasant – unactivated (i.e., Calmness/low TA); 3) 
unpleasant – unactivated (i.e., Tiredness/low EA); and 4) unpleasant – activated (i.e., 
Tension/high TA).  
As highlighted by Ekkekakis, Hargreaves, and Parfitt (2013), examining the role of 
individual differences may contribute to understanding the mechanisms behind cognitive and 
affective responses due to exercise. By studying individual differences, researchers can analyze 
the differences from person-to-person (i.e., inter-individual differences) as well as traits within 
individuals across time (i.e., intra-individual differences). For the purpose of this study, it was of 
interest to determine the interactions between Trait Anxiety and Dispositional Resilience and the 
changes observed in cognitive and affective responses following low-to-moderate intensity acute 
exercise.  
Purpose: 
The purpose of this study was to examine the effects of acute low-to-moderate intensity 
exercise on measures of cognition and affect in college-aged students. It was also of interest to 
determine whether, and to what extent, individual differences (i.e., trait anxiety, dispositional 
resilience) influence changes in cognition [i.e., accuracy, reaction time for attentional inhibition 
and working memory (Flanker and N-back tasks, respectively)] and affect in response to an acute 
bout of exercise.   
Aims and Hypotheses: 
 Aim 1: Examine the effects of acute low-to-moderate intensity exercise on behavioral 
measures of executive function, specifically for attentional inhibition and working memory.  
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 Hypothesis 1: It was hypothesized that individuals would have faster reaction times for 
both attentional inhibition and working memory following an acute bout of exercise compared to 
baseline performance, but no significant changes in accuracy on these measures.   
 Aim 2: Examine the effects of acute low-to-moderate intensity exercise on affective 
responses (state anxiety, Energy, Tiredness, Tension, and Calmness). 
Hypothesis 2: It was hypothesized that Energy would increase while Tension, Tiredness 
and Calmness would decrease following an acute bout of exercise. 
 Aim 3: Examine the effects of individual difference measures (i.e., trait anxiety, 
dispositional resilience) on any changes to cognition and affect seen following low-to-moderate 
intensity exercise. 
 Hypothesis 3: It was hypothesized that those with lower trait anxiety would have better 
attentional inhibition and working memory, as reflected in faster reaction times, than those with 
higher trait anxiety, with no differences in response accuracy. Trait anxiety was also 
hypothesized to be related to state anxiety, Energy, Tiredness, Tension, and Calmness. 
Hypothesis 4: It was hypothesized that individuals with higher dispositional resilience 
would have faster reaction time on measures of attention inhibition and working memory than 
individuals with lower dispositional resilience, with no differences in response accuracy. 
Dispositional resilience was also hypothesized to be related to state anxiety, Energy, Tiredness, 






CHAPTER 2: LITERATURE REVIEW 
Exercise & Cognition 
Overall, there seems to be a positive relationship between cognitive function and physical 
fitness (Hillman, Erickson, & Kramer, 2008) in that engaging in physical activity improves 
cognitive functioning. However, exercise modality, intensity, and duration seem to differently 
impact the effects seen on cognitive function (Hillman et al., 2008; Lambourne & Tomporowski, 
2010). To this point, individuals often seem to describe changes to their cognitive ability, 
ranging from clarity of thought to difficulty making decisions, after exercise. Specific to the 
present study, beneficial effects of exercise on cognitive function have been shown in young 
adults (Chang, Labban, Gapin & Etnier, 2012; McMorris & Hale, 2012). Wohlend, Olsen, 
Haberg, and Palmer (2017) investigated the impact of acute treadmill running on cognitive 
control functioning (assessed via a non-X continuous performance test) in young adults. Results 
showed a decrease in post-exercise reaction time (RT), which is faster RT, and no change in 
response accuracy with increasing exercise intensity. According to Kashihara, Maruyama, 
Murota, and Nakahara (2009), there is an inverted U-relationship between activation of the 
central nervous system and exercise intensity. That is, acute, moderate intensity aerobic exercise 
can promote a beneficial effect on speed processing, selective attention, and inhibitory control 
(Alves et al., 2012). In contrast, high-intensity exercise may decrease cognitive performance 
(Chmura, Nazar, & Kaciuba-Uscilko, 1994). However, studies have shown that there are 
significant effects of low-to-moderate exercise on cognitive function. Lambourne et al. (2010) 
conducted a meta-analytic review of studies measuring cognitive performance following exercise 
in healthy young adults. It was found that cognitive performance improved after exercise (effect 
size of d = .20). More recently, in a meta-analysis examining the effects of light intensity acute 
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exercise on cognitive function (Chang et al., 2012). Performing cognitive tasks immediately after 
such exercise was shown to be beneficial. However, such performance improvements did not 
occur when cognitive tasks were performed later during exercise recovery. Overall, it has been 
shown that an acute bout of aerobic exercise has small to moderate positive effects on cognitive 
performance (ds = .097 – .37; Brisswalter et al., 2002; Chang et al., 2012; Lambourne & 
Tomporowski, 2010, Sibley & Etnier, 2003).  
In regard to attention, acute aerobic exercise seems to have a positive effect. Chang, 
Pesce, Chiang, Kuo, and Fong (2015) investigated the effects of acute moderate-intensity aerobic 
exercise on behavioral indices of attention. Faster RTs were seen following an exercise condition 
compared to a non-exercise control condition. Specifically, exercise seemed to benefit the 
attention task on trials requiring greater executive control, while no benefits were observed on 
the less demanding trials. Chang et al. note that this faster RT was not paralleled by a decrease in 
accuracy of the attention task. This provides support for acute exercise enhancing attentional 
processing (i.e., faster RT), but not at the expensive of an increase in errors. Acute aerobic 
exercise has been shown to have positive effects on short-term memory (i.e., working memory; 
Chang, Labban, Gapin, & Etnier, 2012; Ferris, Williams, & Shen, 2007; Winter et al., 2007). In a 
study of 21 young adults, Pontifex, Hillman, Fernhall, Thompson, and Valentini (2009) found 
decreased RT (i.e., faster responding) to a working memory task immediately following an acute 
bout of aerobic exercise. Moreover, in tasks requiring increased working memory capacity, 
shorter RT latency was observed. Pontifex et al. (2009) provide support for the notion that acute 
aerobic exercise has greater beneficial effects for tasks requiring a greater cognitive demand. 
Roig, Nordbrandt, Geertsen, and Nielsen (2013) also found that acute exercise produces 
moderate effects on short-term memory. They argue that acute exercise enhances memory in a 
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time-dependent fashion in priming mechanisms involved in encoding and consolidation of 
recently acquired information (Roig et al., 2013). Encoding is the process of incoming 
information being stored while consolidation refers to the process by which memories stabilize 
and become stronger (Gazzinga, Ivry, & Mangun, 2014). As such, Roig et al. (2013) posit that 
acute exercise has beneficial effects on earlier stages of memory processing. 
Exercise & Affect  
Researchers have also examined the effects of acute bouts of exercise on affective 
responses. An inverted-U relationship has been proposed for exercise intensity and affective 
responses. However, as stated by Ekkekakis, Parfitt, and Petruzzello (2011), this relationship 
does not consider individual differences (e.g., trait anxiety, dispositional resilience) and the fact 
that even low intensity exercise has been shown to result in increases in pleasure and energy. . 
Affective changes in response to high intensity exercise have been well documented. For 
example, in a sample of 30 college students there was an increase in energetic arousal (EA) and a 
decrease in tense arousal (TA) from pre to post exercise (Hall, Ekkekakis, & Petruzzello, 2002). 
In this study, affective responses were measured every minute while participants ran on a 
treadmill while the speed and grade of the treadmill progressively increased until the participant 
reached volitional exhaustion. Moreover, Ekkekakis, Lind, and Vazou (2004) found that 
following 20 minute self-imposed intensity aerobic exercise session where affective responses 
were taken every 5 minutes, individuals who remained at or below the VT reported pleasant 
affective states whereas individuals who exceeded the VT reported less pleasant affective states. 
Katula, Blissmer, and McAuley (1999) investigated the relationship between state anxiety and 
low intensity exercise in a sample of older sedentary adults and found significant reductions in 
state anxiety following a light intensity exercise session. In a sample of 53 university students, 
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Lochbaum (2006) found increases in EA and TA and decreases state anxiety following a 30-
minute treadmill exercise (50-55% VO2max). Thayer (2001) also showed that both EA and TA 
increase at low-to-moderate levels of exercise expenditure. In accordance with his theory of 
mood and arousal, Thayer (1989) proposed that as energy expenditure is elevated, EA will 
increase while TA will decrease. Thayer argues that as individuals work harder (i.e., higher 
intensity exercises) energy will increase while tension would decrease.  
Individual Differences on Cognition and Affect  
Trait Anxiety 
The relationship between trait anxiety and exercise has been well documented. There has 
been some evidence of a dose-response effect in the relationship between amount of exercise and 
trait anxiety. That is, increased levels of physical activity have been associated with lower levels 
of trait anxiety and lower risk for anxiety disorders (Brunes, Augestad, & Gudmundsdottir, 2013; 
Goodwin, 2003; Jonsdottir, Ridjer, Hadzibajramovic, Borjeson, & Ahlborg, 2010). Petruzzello, 
Landers, Hatfield, Kubitz, and Salazar (1991) report that state anxiety reductions from acute 
exercise occur, but only for a brief time and then state anxiety levels return to pre-exercise levels 
over time. Petruzzello and colleagues (1991) found reductions occur for both state anxiety (i.e., 
how individuals feel at this very moment) following acute exercise and trait anxiety (i.e., how 
individuals generally feel) following chronic exercise. It is argued that acute exercise sessions 
accumulated over time (i.e., chronic exercise), results in lower basline levels of state anxiety as 
well as reductions in trait anxiety (Lox, Martin-Ginis, & Petruzzello, 2014).  
There has been consensus in the literature regarding the buffering effects of physical 
activity on anxiety. Results have shown that aerobic fitness is significantly and inversely related 
to the impact of stressful events on an individual as measured by anxiety responses. Individuals 
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who have higher levels of aerobic fitness tend to have lower risks of developing stress-related 
mental health disorders compared to those who are sedentary or who have lower levels of 
aerobic fitness (Gerber & Puhse, 2009). Moreover, physical activity has been shown to reduce 
the increases in cortisol levels, heart rate, and state anxiety typically seen in response to a 
stressor (Rimmele et al., 2009). Thus, in individuals who report higher levels of anxiety but also 
higher levels of physical activity, physical activity seems to act as a protective mechanism 
against elevated stress responses.  
Dispositional Resilience 
Dispositional resilience (the more recent version of Hardiness), an individual’s ability to 
cope with stressors and new situations, is composed of three components: Control (how much 
control an individual perceives s/he has over a situation); Commitment (persistence to a task or 
goal); and Challenge (the extent to which an individual considers events or situations either as 
challenging or threatening; Kobasa, 1979). Together, greater degrees of control, commitment, 
and challenge are thought to act as a buffer against the effects of stress. As noted, dispositional 
resilience used to be referred to as hardiness (Taylor, Pietrobon, Taverniers, & Leon, 2013). 
Although there is not a clear link between resilience and exercise, it is thought that exercise 
interacts with resilience to decrease the likelihood of stress-related manifestations (Kobasa, 
Maddi, & Puccetti, 1982). Physical activity can also serve as a buffer against stressor-induced 
effects (Gerber & Puhse, 2009; Li & He, 2009; Norris, Carroll, & Cochrane, 1992; Steptoe, 
Edwards, Moses, & Mathews, 1989). Moreover, acute exercise has been shown to improve 
resilience in the presence of arousing stimuli (Carson, 2013). Resilience is positively associated 
with mental and physical health. Further, mental health mediates the relationship of resilience to 
physical health. This is consistent with previous literature in that resilience has been shown to 
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CHAPTER 3: METHODS 
Participants 
 Participants for this study were college-aged students recruited from the Champaign - 
Urbana areas. Flyers advertising the study were posted throughout the campus of the University 
of Illinois at Urbana-Champaign, including the Disability Resources & Education Services 
(DRES), McKinley Mental Health Center, and the University Counseling Center. Exclusion 
criteria included a ‘No’ response on the Physical Activity Readiness Questionnaire + (PAR-Q+; 
indicating contraindications to engaging in physical activity), any medical disorders or injuries 
that affect the central nervous system (CNS), symptoms of major psychopathology, severe visual 
or hearing impairments, or a history of seizures.   
Procedure 
 Participants completed the study over two separate, non-consecutive days of testing. Day 
1 entailed the completion of paperwork and a baseline cognitive assessment. Specifically, 
participants read and signed an informed consent document and completed the PAR-Q+. 
Following this, baseline cognitive function testing took place to measure attentional inhibition 
(Flanker task) and working memory (N-Back task; see specifics on protocols below). The two 
tasks were counterbalanced to reduce the likelihood of order effects. After cognitive testing was 
completed, participants were given a link to an online questionnaire, which they were asked to 
complete after finishing the cognitive testing. The questionnaire assessed trait anxiety (i.e., Trait 
Anxiety Inventory (TAI) Form Y-2), resilience (i.e., Dispositional Resilience Scale), and 
information regarding demographics and exercise history.  
 The exercise intervention took place on Day 2. State anxiety and affect (i.e., Energy, 
Tiredness, Tension, and Calmness) were assessed via the State Anxiety Inventory (SAI) Form Y-
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1 and the Activation-Deactivation Adjective Checklist (AD ACL), respectively. Participants 
were fitted with a Polar Heart Rate (HR) monitor for continuous HR monitoring and were 
instructed to exercise between 50% and 65% of their age-predicted HRmax. Participants then 
performed a 20 min bout of exercise on a motor-driven treadmill at a speed that elicited the 
desired HR (i.e., 50-65% age-predicted HRmax). Immediately following the acute exercise 
session, state anxiety and affect were again assessed via the STAI Form Y-1 and AD ACL and 
post-intervention cognitive assessments (Flanker, N-Back; counterbalanced to avoid order 
effects) were again administered. Cognitive tasks began immediately post exercise following 
administration of the STAI and AD ACL.   
Measures 
Flanker Task 
Cognitive inhibition is a specific aspect of executive function described as the conscious 
and deliberate suppression of irrelevant stimuli or responses (Pires, Leitao, Cuerrini, & Simoes, 
2014). Measurement of this attentional inhibitory control was done using a modified Flanker task 
(Eriksen & Eriksen, 1974). Specifically, the Flanker task requires the participant to focus on a 
centrally located “relevant” target flanked on either side by “irrelevant” or distracting stimuli. 
During the task, participants were presented with four different variations of a five-symbol 
horizontal row (>>>>>, >><>>, <<<<<, <<><<). The participants pressed a specific key on the 
keyboard based on the direction of the centrally located arrow. For example, if the central arrow 
was pointing to the left ( < ), s/he would respond by pressing the “A” key on the keyboard. If the 
central arrow was pointing to the right ( > ), s/he would respond by pressing the “L” key on the 
keyboard. The central arrow would either be similar (pointing in the same direction; congruent) 
or dissimilar (pointing in the opposite direction; incongruent) to the arrows flanking it on both 
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sides. Baseline measurements were taken on one day and post-exercise measurements were taken 
on a separate day. Measures of response time [i.e., time to respond upon presentation of a new 
trial or reaction time (RT)] and response accuracy (percent of correct responses) were assessed. 
Participants went through a practice session of 20 trials at both baseline and post-exercise to 
ensure that any improvements seen post-exercise were not a reflection of a practice effect. After 
the practice session, participants then completed the actual Flanker task session of 75 trials. Each 
session included 37 Congruent trials and 38 Incongruent trials, randomly ordered and presented.  
N-back Task 
Another aspect of executive functioning includes working memory, which refers to the 
temporary storage and manipulation of information needed for complex cognitive tasks 
(Baddeley, 1992). Measurement of working memory is assessed via the N-back task (Kirchner, 
1958). The variation of the task used in this study consisted of two consecutive, and increasingly 
more difficult, blocks (1-back, 2-back).  For each version of the task, participants were shown 15 
different letters (A, B, C, D, E, H, I, K, L, M, N, O, P, R, S, T) and instructed to recall the letter 
they saw, either 1, or 2 letters back, relative to the letter that was presently on the screen. The 1-
back block required the participant to recall the letter shown immediately prior to the current 
letter displayed. If the letter was the same as the letter previously shown, then participants 
responded by pressing “A” on the keyboard. If the letter was not the same as the letter shown 
previously, then s/he responded by pressing “L” on the keyboard. For the 2-back block, the 
participant was required to recall the letter presented two letters back compared to the currently 
displayed letter. Again, if the letter displayed was the same as the letter shown 2 letters 
previously, then participants responded by pressing “A” on the keyboard. If the letter was not the 
same as the letter shown 2 letters previously, then participants responded by pressing “L” on the 
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keyboard. Measures of accuracy (5 trials correct) and RT were assessed at baseline and again 
following the acute exercise bout. Participants performed a practice session of 20 trials and then 
completed the actual task comprising of 75 trials. The 1-back and 2-back tasks were 
administered in counterbalanced order.   
Individual Difference Measures  
Trait Anxiety Inventory (TAI) 
The State-Trait Anxiety Inventory Form Y2 (Spielberger, 1983) is a 20-item 
questionnaire designed to measure trait anxiety. Trait anxiety refers to how much anxiety, worry, 
and apprehension an individual generally feels. A 4-point Likert scale (1 = almost never, 2 = 
sometimes, 3 = often, 4 = almost always) was used for responding, with higher total scores 
indicating higher levels of trait anxiety. Several of the items are reverse-scored prior to summing 
across items for a total trait anxiety score. Chronbach’s alpha for the TAI in this sample was 
0.928. 
Dispositional Resilience Scale (DRS-15)  
The DRS-15 (Bartone, 1995) is a 15-item, shortened questionnaire used to measure 
resilience (hardiness). The statements are rated on a 4-point Likert scale (1 = Not at all true, 2 = 
A little true, 3 = Quite true, 4 = Completely true). Participants are instructed to respond to each 
statement by indicating how they generally feel (i.e., how they feel on average). Of the 15 total 
items, six were reverse-scored and then all items were summed for a total score. In addition to 
the total score, the DRS-15 also provides scores for the subscales of Challenge, Commitment, 





Affective and Perceptual Measures  
Activation-Deactivation Adjective Check List (AD ACL) 
 The AD ACL is a 20-item measure of affect derived from the dimensions of activation 
and valence (Thayer, 1986). The AD ACL is comprised of four subscales (Energy, Tiredness, 
Tension, and Calmness), each of which is derived from scores on five items. Each item is rated 
on a 4-point Likert scale (1 = Not at all; 2 = Somewhat; 3 = Moderately so; 4 = Very much so). 
Higher scores indicate higher levels of the affective subscales. The AD ACL was administered at 
both pre- and post-exercise. 
State Anxiety 
State anxiety, that is, how anxious, nervous, or tense an individual feels at the moment, 
was assessed with Form Y1 of the State-Trait Anxiety Inventory (Spielberger, 1983). An often-
used modified version of the full 20-item measure, the 10-item State Anxiety Inventory (SAI) 
was used to assess how the individual was feeling at the present moment. The SAI uses a 4-point 
Likert scale (1= almost never, 2 = sometimes, 3 = often, 4 = almost always), with higher total 
scores indicating higher levels of state anxiety. State anxiety was assessed at both pre- and post-
exercise.  
Perception of Effort 
Borg’s rating of perceived exertion (RPE) scale (1998) was used to measure perceptions 
of effort during exercise. The participant is asked to rate how hard they are working at any 






Data were analyzed using SPSS (SPSS v. 24, Chicago, Illinois). Analysis of cognitive 
tasks was used via PsyToolKit (Stoet, 2010, 2017).A multivariate analysis of variance 
(MANOVA) was conducted to compare sex on age, BMI, height, body mass, and exercise 
frequency, duration, and intensity. A MANOVA was also conducted to compare sex on trait 
anxiety, and dispositional resilience along with its subscales. A repeated measures MANOVA 
(RM-MANOVA) was run to examine whether any changes occurred in reaction time (RT) or 
response accuracy for the cognitive variables (Flanker task trials, Flanker-Congruent trials, 
Flanker-Incongruent trials, N1- and N2-back trials) from Baseline to post-exercise.  A RM-
MANOVA was run to examine whether any changes occurred in the affective variables (state 
anxiety, Energy, Tiredness, Tension, Calmness) from pre- to post-exercise.   
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CHAPTER 4: RESULTS 
Participant Demographics 
 All demographic information is presented in Table 1 and individual differences are 
presented in Table 2. A multivariate analysis of variance (MANOVA) was conducted to compare 
sex on age, BMI, height, body mass, and exercise frequency, duration, and intensity. A 
significant multivariate main effect for Sex was shown [Hotelling’s T
2
= 2.16, F(7, 16)= 4.93, p= 
.004, ηp
2
=.683]. Univariate analyses of variance for each of the demographic variables revealed 







 Males (n = 14) Females (n = 10) Total (N = 24) 
 M SD M SD M SD 
Age 21.6 1.6 21.0 1.5 21.4 1.5 
BMI 25.93 6.60 27.59 7.50 26.62 6.88 
Height (cm)*** 178.71 9.06 156.97 10.96 169.65 14.60 
Weight (kg) 83.01 22.71 68.36 23.08 76.55 23.11 
Frequency (d·wk
-1





81.8 88.6 52.0 19.8 69.4 69.4 
Intensity 14.1 1.96 13.7 2.0 13.96 1.9 




A MANOVA was also conducted to compare sex on trait anxiety, and dispositional 
resilience along with its subscales. The multivariate main effect for Sex was not significant 
[Hotelling’s T
2








 Males (n = 14) Females (n = 10) Total (N = 24) 
 M SD M SD M SD 
Trait Anxiety 48.50 3.21 46.20 5.49 47.54 4.35 
Resilience-Total 36.86 4.13 40.40 2.76 38.33 3.98 
Commitment 10.71 1.14 12.30 1.64 11.38 1.56 
Control 14.21 2.08 15.20 1.55 14.63 1.91 
Challenge 11.93 2.30 12.90 2.60 12.33 2.43 
 
Effects of Low-to-Moderate Intensity Exercise on Cognition and Affect  
 The effects of a low-to-moderate intensity bout of acute exercise on cognitive measures 
are presented in Table 3. A repeated measures MANOVA (RM-MANOVA) was run to examine 
whether any changes occurred in reaction time (RT) for the cognitive variables (Flanker task 
trials, Flanker-Congruent trials, Flanker-Incongruent trials, N1- and N2-back trials) from 
Baseline to post-exercise. There was a significant multivariate Time main effect [Hotelling’s 
T
2
(5, 19) = 22.17, p< .001, ηp
2
=.854]. Follow-up univariate RM-ANOVAs for each RT measure 
revealed significant Time effects for all Flanker RT trials [F(1, 23) = 5.85, p= .024, ηp
2
=.203, 
Cohen’s d= .339], Flanker-Congruent RT [F(1, 23) = 9.69, p= .005, ηp
2
=.296, Cohen’s d= -
.379], Flanker-Incongruent RT [F(1, 23) = 61.35, p< .001, ηp
2
=.727, Cohen’s d= 1.243], and N2-
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back RT [F(1, 23) = 34.22, p< .001, ηp
2
=.598, Cohen’s d= .994]. There was no Time effect for 
N1-RT (p= .134, Cohen’s d= .307). These changes reflected improved RTs for cognitive 
inhibition (Flanker task) overall (~17 ms) and more so for the Incongruent trials (~75 ms) as well 
as working memory as reflected by faster N2-back performance (~157 ms). The greater 
significant changes seen during the more cognitively demanding tasks may provide some insight 
into the relationship between task complexity and brain resources available as reflected in the 
behavioral responses. Congruent trials on the Flanker task actually got significantly slower 
(albeit by only ~18 ms) and no change was seen in N1-back performance coupled with no 
change (albeit very slight increases) in accuracy (see next). 
The same analyses were run for cognitive performance accuracy. There was not a 
significant multivariate Time main effect [Hotelling’s T
2
(5, 19) = 1.92, p= .138, ηp
2
=.336]. 
Because there was no multivariate effect, no further univariate analyses were conducted. The 
lack of change in response accuracy on both the inhibition and working memory tasks is a 
function of the fact that the participants were performing at near perfect levels and did not get 
any better or worse as a result of the intervening bout of exercise.  
The effects of low-to-moderate intensity exercise on affective measures are presented in 
Table 4. A RM-MANOVA was run to examine whether any changes occurred in the affective 
variables (state anxiety, Energy, Tiredness, Tension, Calmness) from pre- to post-exercise. There 
was a significant multivariate Time main effect [Hotelling’s T
2
(5, 19) = 17.49, p< .001, 
ηp
2
=.822]. Follow-up univariate RM-ANOVAs for each affective variable revealed significant 
Time effects for State Anxiety [F(1, 23) = 5.76, p= .025, ηp
2
=.200, Cohen’s d= .613], Energy 
[F(1, 23) = 45.46, p< .001, ηp
2
=.664, Cohen’s d= 1.498], Tiredness [F(1, 23) = 7.73, p= .011, 
ηp
2
=.251, Cohen’s d= .787], and Calmness [F(1, 23) = 31.60, p< .001, ηp
2
=.579, Cohen’s d= -
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1.562]. There was no Time effect for Tension (p= .473, Cohen’s d= -.182). These changes 
reflected improved affective states for everything (decreased anxiety and Tiredness, increased 
Energy) except Calmness, which decreased. 
 
Table 3 
Cognitive Performance (i.e., RT, accuracy) Following Acute Low-to-Moderate Intensity Aerobic 
Exercise Compared to Baseline Performance 
 
 
 Baseline Post-Exercise  
  M SD M SD d  
 Flanker RT (ms)* 540.88 57.67 523.52 46.47 .339 
 Congruent RT (ms)** 504.89 51.36 522.90 45.61 -.379 
 Incongruent RT (ms)*** 576.91 71.11 501.95 50.29 1.243 
 N1 RT (ms) 617.16 73.73 594.17 79.02 .307 
 N2 RT (ms)*** 864.05 168.07 706.87 154.79 .994 
 Flanker Accuracy (%) 98.25 1.70 98.83 1.60 .359 
 Congruent Accuracy (%) 99.45 1.35 99.78 .74 .310 
 Incongruent Accuracy (%) 97.00 3.56 97.96 2.78 .307 
 N1 Accuracy (%) 98.29 1.71 98.26 1.79 .018 
 N2 Accuracy (%) 92.92 4.63 94.70 4.45 .400 







Effects of Acute Low-to-Moderate Intensity Aerobic Exercise From Pre- to Post-Exercise on 
Affective Measures 
   Pre-Exercise Post-Exercise  
  M SD M SD Cohen’s d  
 SAI* 18.71 2.53 17.17 2.60 .613 
 Energy*** 9.33 2.73 13.46 2.90 1.498 
 Tiredness* 11.50 1.91 10.04 1.88 0.787 
 Tension 6.58 2.17 6.96 2.10 .182 
 Calmness*** 11.58 2.15 8.33 2.10 1.562 
Note: * p < .05, ** p < .01, *** p < .001. 
 
No significant relationships between individual difference measures of trait anxiety and 
dispositional resilience, nor for any of its subscales of commitment, control, and challenge, were 
observed for Baseline reaction time or accuracy on the attentional inhibition and working 
memory tasks. The only exception was a positive relationship between dispositional resilience-
control and Flanker accuracy at Baseline (r= .473, p= .02); those with a greater need for control 
were more accurate.  
The same individual difference variables were also correlated with the cognitive 
measures following the acute exercise bout, revealing several significant relationships with RT: 
trait anxiety was related to 1-back (r= .579, p= .003; greater trait anxiety associated with slower 
RTs), control being related to Flanker (r= .477, p= .018; greater control associated with slower 
RTs overall ) as well as Congruent (r= .483, p= .017) and Incongruent (r= .439, p= .032) Flanker 
RTs, and challenge being related to 1-back (r= -.439, p= .032). For accuracy following exercise, 
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only challenge was related to 2-back accuracy (r= -.415, p= .044; greater challenge associated 
with less accuracy). No other significant relationships were found.   
 Relationships between individual difference measures of trait anxiety and dispositional 
resilience, along with its subscales of commitment, control, and challenge, were also examined 
with the affective measures. The only significant relationship was between trait anxiety and 
Tiredness post-exercise (r = .439, p = .032; greater trait anxiety associated with more tiredness 






CHAPTER 5: DISCUSSION 
 This study sought to examine the effects of acute low-to-moderate intensity exercise in 
college-aged students on cognition and affect. It was also of interest to examine the relationship 
between individual differences (i.e., Trait Anxiety, Dispositional Resilience) and changes to 
cognition and affect following an acute bout of aerobic exercise. It was hypothesized that: 
Hypothesis 1: Individuals would have decreased reaction times (i.e., faster responses) for 
both measures of attentional inhibition and working memory, respectively, following an 
acute bout of exercise compared to baseline performance. It was further hypothesized that 
there would be no significant changes in accuracy on measures of attention inhibition and 
working memory, respectively.   
Hypothesis 2: Participants would report increased Energy and less Tension, Calmness, 
and Tiredness following an acute bout of exercise. 
Hypothesis 3: Individuals with lower trait anxiety would have a greater change in 
reaction time on measures of attention inhibition and working memory than individuals 
with higher trait anxiety; there would be no significant differences in regard to accuracy. 
Trait anxiety was also hypothesized to be related to state anxiety, Energy, Tiredness, 
Tension and Calmness. 
Hypothesis 4: Individuals with higher dispositional resilience would have faster reaction 
time on measures of attention inhibition and working memory than individuals with 
lower dispositional resilience; there would be no significant differences in regard to 
accuracy. Dispositional resilience was also hypothesized to be related to state anxiety, 
Energy, Tiredness, Tension and Calmness.  
25 
 
Results supported the main hypothesis that there would be significant differences in 
reaction times (RTs) between baseline and following an acute bout of low-to-moderate intensity 
exercise. When examining attentional inhibition, RT significantly decreased (p < .05) from 
baseline (540.88 ms ± 57.67 ms) to post-exercise (523.52 ms ± 46.47 ms). Moreover, during 
incongruent trials of the Flanker Task (i.e., more task demanding), RTs were faster (p < .001) 
post-exercise (501.95 ms ± 50.29 ms) compared to baseline (576.91 ms ± 71.11 ms). Previously, 
Chang, Pesce, Chiang, Kuo and Fong (2015) showed exercise enhanced behavioral performance 
during incongruent trials on the Flanker task (i.e., ~25 ms difference). However, they also 
showed that neuroelectrically, P300 (i.e., positive-going waveform at ~300 ms following 
stimulus presentation) amplitude was evenly distributed across both congruent and incongruent 
trials. When understanding the mechanisms of attention, the attentional control network is the 
neural circuitry involved with executive control process. Specifically, the attentional control 
network (Posner & Petersen, 1990) carries out functions relating to alerting (i.e., arousal, 
vigilance, and readiness to react), orienting (i.e., selection of information by disengaging, 
shifting, and reengaging attention), and conflict control (i.e., self-regulation and conflict 
resolution). The task used in this study (i.e., Flanker) reflects the complex construct of attention 
in a way that assesses the three components in combination. As a result, this study provides a 
way to examine the relationship between attention and exercise. When examining changes in 
working memory (i.e., N-back task) results showed a significant (p < .001) decrease in RT for 
the 2-back task from baseline (864.05 ms ± 168.07 ms) to post-exercise (706.87 ms ± 154.79 
ms).. , The amount of resources available after an acute bout of exercise is dependent on the 
cognitive task complexity (Pesce, 2009). This is further stated by Pesce (2009) in that the 
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difficulty of cognitive tasks may be a moderator to elicit brain resources to enhance attentional 
performance.   
These results also showed that low-to-moderate intensity aerobic exercise resulted in 
significant differences in affective responses between pre- vs post-exercise. Perceptions of 
Energy significantly increased (d= ~1.5) from pre- to post-exercise. This increase in pleasant-
activated affect from pre- to post-exercise was accompanied by significant decreases in 
Calmness (d= ~1.6), Tiredness (d= ~.8), State Anxiety ((d= .6).  
In line with this, literature has shown that state anxiety is often reduced to a small, but 
significant extent following an acute bout of aerobic exercise (Ensari, Greenlee, Motl, & 
Petruzzello, 2015; Petruzzello, Landers, Hatfield, Kubitz, & Salazar, 1991). This has important 
applications, especially in a population of college-aged individuals. College-aged individuals 
have a high exposure to events and situations that may cause varying levels of anxiety (e.g., 
preparing for exams, external pressures, moving into adulthood). Similarly, literature has also 
shown increased energy and decreased tension following low-intensity exercise (Ekkekakis, 
Hall, Van Landuyt, & Petruzzello, 2000; Saklofske, Blomme, & Kelly, 1992). Moderate-
intensity exercise tends to increase positive affective states (i.e., energy) and maintain or reduce 
negative affective states (e.g., tension, Reed, 2013; Reed & Ones, 2006).  
In terms of the duration of a single bout of aerobic exercise, there is evidence, in line with 
these results, that suggests an acute bout of exercise is sufficient to elicit changes in affective 
responses. Walking, cycling, and other forms of aerobic exercise ranging in duration from 15 to 
30 minutes have yielded increases in positive affect and reductions in negative affect and state 
anxiety in college-aged students and young adults (Asmundson et al., 2013; Broman-Fulks & 
Storey, 2008; Hogan, Mata, & Carstensen, 2013; Reed & Ones, 2006; Smith, 2013). Lack of 
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time is a consistently cited barrier to engaging in exercise, but results from this study are 
consistent with the existing literature and provides further evidence that engaging in relatively 
short bouts of aerobic exercise can improve affect (Chan et al., 2019). In other words, even if 
there are only short periods of free time in your daily life, acute, short duration aerobic exercise 
is still enough time where it can produce positive effects.  
Psychological and neurophysiological theories may be able to explain the effects of 
exercise on affect. The distraction hypothesis (Bahrke & Morgan, 1978) offers a rather simple 
explanation on the effect of aerobic exercise on affect. Simply stated, exercise “distracts” the 
individual or perhaps provides a break in routine allowing the individual to leave behind current 
moods and feelings. Behavioral evidence supporting the distraction hypothesis showed that 
college students were more attentive to pleasant stimuli and were less attentive and aroused to 
unpleasant stimuli following moderate-intensity exercise (Crabbe, Smith, & Dishman, 2007; 
Tian & Smith, 2011).  
In understanding the changes in affective responses due to exercise intensity, researchers 
have used the ventilatory threshold (VT) as a point to assess affective outcomes.  As defined by 
Lox, Martin Ginis, and Petruzzello (2014) the VT is the point at which the ventilatory equivalent 
for oxygen continues to increase without a concomitant increase in the ventilatory equivalent for 
carbon dioxide. In other words, the VT is a result of the relationship between oxygen 
consumption and carbon dioxide production. The dual mode theory provides context when trying 
to explain affective responses standardized by the VT. Within the framework of the dual mode 
theory, exercise beneath VT generally elicit positive affective outcomes (Ekkekakis, Hall & 
Petruzzello, 2008). As exercise exceeds the VT, individuals report progressively more negative 
affect (Ekkekakis, Parfitt, & Petruzzello, 2011; Markowitz & Arent, 2010).  
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Changes in cognition and affect as a result of low-to-moderate intensity exercise were 
relatively unaffected by individual difference measures (i.e., Trait Anxiety, Commitment, 
Control, Challenge, and total Resilience); relatively few relationships were seen. Trait anxiety 
was related to 1-back RT such that those who had greater levels of trait anxiety tended to be 
slower in responding (i.e., somewhat impaired working memory). However, it is worth noting 
that this relationship did not exist for the more challenging working memory task (i.e., 2-back 
trials). Regarding Resilience, sense of Control was related to attentional inhibition (i.e., Flanker 
task). Specifically sense of Challenge was associated with slower RTs. In other words, those who 
tend to view things as opportunities to learn and grow were actually slower on the Flanker task, 
and it didn’t matter whether the task was easier (congruent trials) or more difficult (incongruent 
trials) as the strength of the relationship didn’t differ between the two. Conversely, Challenge 
was negatively associated with working memory performance, at least on the easier of the two 
tasks (i.e., 1-back). For this aspect of cognitive performance, those with a greater sense of 
challenge were able to more effectively update working memory, at least within the confines of 
the 1-back task. In contrast, accuracy on the more difficult working memory task (i.e., 2-back) 
was worse with increasing sense of challenge. It would be fairly easy to speculate about what 
these relationships might mean, but the relatively small sample and the time lapsed between 
completion of the exercise bout and the completion of the cognitive tasks leaves many alternative 
explanations. Replication of these findings would be needed before much more interpretation of 
these findings takes place.     
  In conclusion, college students had faster reaction times on measures of attentional 
inhibition and working memory after completing a bout of low-to-moderate intensity exercise 
compared to baseline performance on a previous day. An acute bout of low-to-moderate intensity 
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exercise also seemed to result in positive effects to affective outcomes where individuals 
experienced less State Anxiety, increased Energy, less Tiredness, and were less calm after the 
exercise session. These results add to the literature that acute, low-to-moderate aerobic exercise 
can have beneficial effects for both aspects of cognitive functioning (attentional inhibition, 
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